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I. E~. -:CUTIVE SUMMARY 

Organiza t ion. 

A workshop on Government 0 L Spill Modeling Activities was convened by 
the Environmental ~ta and Information Service (EDIS) of the I~tional Oceanic 
and Atmospheric Administration (NOAA), November 7-9, 1979. The meeting was 
held at the National Aeronautics and Spac~ Administration (NASA) training 
facility at Wallops Island, Va. The worksho~ brought together oil spill model 
users and modelers for the purpose of fostering joint communication ana in­
creasing understanding of mutual problems~ Attendees included representa(ives 
from the Bureau of Land Management (BLM), the U.S. Geol.oglcal Survey (U£GS), 
the Environmental Protect ion Agency (EPA), Brookhaven Na tional La t flratory 
(BNL), the U.S. Coast Guard CJSCG), and NOAA components of the National Marine 
Fisheries Se rvice (NMFS), the Na tional ~ea f:lter Se rvice (NWS), the Of fice I)f 
~~rine Pollution Assessment (OMPA), and the Great Lakes Environmental Refearch 
Laboratory (GLERL). 

The work~.lop concentrated on defining user needs, presentations of ongoing 
modeling prc~~ams, and discussions of supporting res~arch for these modeling 
efforts. The basi~ goals were to assure that our current £.fforts are consis­
tent \11th user needs and to provide a forum fo technology transfer. 

The morning of November 7 was devo~ed to half-hour presentations by vari­
ous model users. The afternoon and the following day were devoted to l-hour 
presentations of the EllIS, USGS. USCG, NWS, OMPA, EPA, BNL, BLM, GLERL, and 
NASA modeling efforts. The last morning was ~sed to finalize recommendations 
and hold panel discussions on operational structure, model research goals, 
and user nee~s. 

Recommendations 

A consensus among workshop participants was that ~ forum such as this 
should be convened periodically t~ maintain a dialog betweer. oil spill model 
users and modelers. The theme developed throughout the workshop was tha~ 

model users should be given a more responsible role in model development. 
Ideally, this input shol.ld concern the type and com~~exity of the model. 

!.pe~1fic user recomrllendations include the development of an oil spill 
model. user l1brat·y which identifies and ciescribes available models. One user 
ccncer''l was the development of models for the long-term fate and effect of 
spilled oil. Users further designated the top and bottom meter of the water 
~olumn as regions of primary concern with regard to nearAhore impact. 

Users and modelers developed the following characterization of oil spill 
models: 

Type I models: Multipl~ trajectory models for long-tetu 
strategic forecasts based on archived data, 

Type II models: Single event (highly structural) models for 
specific day-to-day tac~ical forecasts, usually based on up­
to-date data, and 

1 

.I"."'.·.J.~.· I' •••. jill ..... II' ""'I" •· .. ·"II·.-I11111 ... -M.i·iII~llII· ~.-.·.~ •• ___ .. ·IIrI' ••• -.'IIIII-II'.-lIImr,;ZIii"iiIIi lIiII'III'IS •• n.m_w .... 'lIIrSiII· x •• __ ..... ___ , _ -~-- ..... ,.- - _. 



I 
1 

1 
, I 

----~-....----------

Type HI Il,odels: TypE' i. or Type II mC'dels implemented in 
a rereptot (reverse) mode such that one can project areas 
from wuich tra~ectories would impact resourceE'. 

Modelers id~ntified the need to incor~~rate data concerning oceanographic 
and met~orological frontal locations in future modeling e·.:forts. The ,lse of 
satellite data presents a potential solution to this problem. Improved infor­
mation concerli'lng the weathering of aU at sea was also identified as a major 
1ssue. 

Although various govp.rnment modeling efforts are very similar, this 
apparent redundan~y 1.8 considered appropriate in t~at it allows for specific 
agency MiRsion needs to be most eificientl, addressed and different scientific 
approaches to the trajectory problem to be developed. A mech~lljsm should be 
developed for the central coordination of all government oil spill modeling 
f'~forts. 
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II. PANEL RECOMMENDATIONS 

Threp working panels wer~ ci~signated Juring the final day. These werking 
groups concentrated on the topics of cpertional structure, model research 
goals, and user needs. 

Panel Discussion: Operatior.dl Structu!~ 

One panel was convened t~ outline the various government oil spill mod~l­
ing activities. The di~cussion was chaired by ~oy Overstreet of NOAA (OMPA). 
The following are Rpeclfic recommendations resulting from this discussion. 
Table 1 repres~nts an outline of the operatio~ai sttucture of the prir.cipal 
Federal oil spill modeling activities. Specific recommendations of the group 
were: 

1. Improve communications ~mong USCG, r~s, and OMPA forecasters 
during spill response. 

2. Develop easy-access files of available environmental data. 

3. Systematically archive environmeILtal dt'ta collected during 
spill respons€. This requires planning. 

4. Encuurage close coordination between Brooknaveu/NMFS and 
Brookhaven/0MPA in BerIng Sea circulation and ecological moJelin~. 

5. Increase the emphasis on beL'~r estimates of I)ver-the-water. 
wind fL~lu for both operational and climatological trajectory 
morlelA. 

Panel Discussion: Model Research Goals 

A eecond panel was convened to outline future oil spill modeling research 
goals. This discussion was chaired by Kenneth J. Lanfear of DOl (USGS) and pro­
duced the followtnF i.~r -mme'ldatiom;: 

1. E.1tabHsh elec.ronic data exchange. Oil splll modeling a~tivi­
ties (Jf NOAA, USGS, and the Coast Guard involve large data bases, 
and coordinatlon could ~e improved if procedures are ~eveloped to 
faciL "ate excltanging large amounts of data by direct COIJlp'lter 
U"~a~t:~ The NOAA/JSGS Coordinating Committee shculd consider 
L'lis Ib.'\ ~tl!r. 

2. Develo~ .irnvr .... '.:l lUI- ,j..:! I; that incorporate more advanced dynamics 

3. 

4. 

of oil spill ... ~'}.~·I\en.t. ll~ese moiels t1hculd consider the relatio~­
ship between wino veloe.i:' '1nd sL'.ck movement in terlDB of physics, 
rather than empirical fact~l~. 

Expand the oceanographic data base. pa. - "~"": 'l!' n~:?:: .&It: ':oasts. 

Study further the weathering of oil i'1 and on wa .. er. 

3 
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Table l.--opcrational structure of principal Federal oil spill .odeling activities ~ 

-------------------- t
J 

Li 

J>-

Organization 

BLK 

Brookhhven 
National 
La !>oratory 

EPA 

NASA 

NOAA: 

EDIS 

ERL 

.. mw ., • 

Principal activity 

Oil spill risk enalysis 

Ecosystem analysis studies of 
stresses on shelf productivity, 
physical and biological data 
andlysis 

Coastal oceanography 

Experimental and theoretical 
studies of properties, effec­
t!veness, and ecological 
effects of oil dispersants 

Water quality modeling 

A1~-sea interaction studies 
Remote sensing 
Laboratory studies 
Theoretical qtudies 

Climatulogical models for oU 
apill contingency planning b3sed 
on NODC and NCC archived c~eano­
graphic/meteorological data 

011 weathering and "leeway" 
studies 

cudies of @c1I60na1 circulatio"l, 
meteor(\l,'gy, liIixing and trans­
purt processes in coa6tal ~.ters 
and Great Lake~ 

Product 

Oil spill ma~nitudes and frequen­
cies for pipelines, marine trans­
portation routes, port facilities, 
and handling proceclures 

Oil spi\l trajectories 

Gcean circulation &odels, conta.­
inant transport .odel, biological 
mo~els 

Improved understanding and guide­
lines for dispersant use, circula­
tion and contaminant transport 
models 

improved undel'standlng of ai r-sea 
interaction processes as related 
to the transport of spilled oil, 
areal 0il spill and wate~ mass 
boundary maps 

Climatological oil spill atlas, [or 
contingency p~anners 

Cl~m&tological oil spill trajectory 
forecasts 

Prediction of short-term fate of 
spilled 011 

Oceanic, estuarine, and Great Lakes 
circulation and contaminant trans­
port models 

User 

8tH, USCG, State and 
local agencies 

8NL, DOE , PROBES, NOI.J."./ 
MESA, NOAA/OCSEAP. State 
and local agencies 

EPA, NOAA, B1M, pettol­
eum industry, State and 
10-:a1 agencies 

All gro~ps concerned 
with contaminant trans­
port processes in the 
upper ~ixed layer 

NOAA, USCG, B1M ~etrol­

cum industry, State and 
local agencies 

NOAA, EPA, US~G, 8tH, 
State and local agen~ies 
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NMFS 

NWS 

OMPA 

USCG: 

USGS 

Academy 

Oceano­
graphic 
unit 

RI.D 

Resource p.cology, fisheries man­
age<at'nt 

Application of NWS weathr!r 
forecasting capability t.) the 
prediction of spilled oil 
movellent 

Operational and climatological 
transport model development and 
application 

Oceanographic and meteorological 
and field st~'dies (HMSST) 

Lopg Island Sound oil spill 
transport model 

Real-tim~ oil trajectory models 

Arctic oceanographic and ice 
studies 

Oil spill risk analysis 

*Supported in part by DOE, NOAA, and ~:5F • 
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Ocean circulation nodels, ecosys­
tem mode'~, UCS impacts to shelf 
resources 

4a-hour weather fnrecasts, plan­
etar~ bounJary layer lIodel, opera­
tional drift moael for 011 spill 
movement forecasts, dynamiC upper 
mixed-layer and o~l behavior model 

Ocean and es: ariI.~ circulation 
models 

Strategic (long-term) oil spill 
trajectory predictions, opp' a­
tional forecasts of hazardous 
materials movements 

Real-time oil spill movement 
fore, "\st'l 

Cont inuously updated 6-hour oil 
spill for~casts 

Behavior "f 011 1.n Arctic eLviron­
ments, kct - water and ice motions, 
Arctic oil spi: 1. model 

Spill occurren~e probabilities, 
climatolog~cal oil spill trajec­
tories and impact pcobabilities, 
recre&tional and biotiC resource 
distributions, relative environ­
mental hazards of OCS ~eveloF~ent 
in different areas 

NMFS, BLM, PROBES, other 
agencies involved in 
a6sssing 

NWS, all agencies in­
volved in oil trajectcry 
predictions and cleanup 
operations 

NOAA, BLM, USGS, USCG, 
State and lo~al agencies 

Long Island USCG Co ... "d 

Local USCG Co ... nds 

~~CG, NOAA, BLM, State 
of Al3sk~, North Slope 
Borough, ar.J other 10c3l 
interests 

USGS, BLM. NOAA, State 
and local ag~nc_~s 

,~ 
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5. Study the I~blurface movement of 011. 

6. Develop improved techniquu and procedures for transmitting 
.atellite laagery for open~tional 011 spill cleanup activities. 

7. Inveltigate the rolel of oceanographic and meteorological fronts 
in controlling oil Ipill trajectories. 

8. Study the rele of ice tn influencing oil spill movement. 

9. Examine further the probabilities of oil spill occurrence to 
permit llOre detailed evaluations of production and t .. -ansportatio1l. 
alternatives. 

Panel Discussion: User Needs 

A third panel was convened to discuss user needs. This section was 
chaired by David E. Amstutz of 001 (BLM). In this discussion, oil spill model 
~sers were divided into two distinct groups. The first group is concerned 
with determining and assessing impacts from oil spills which have not yet 
occurred. The second group deals with real-time spills. The models used by 
the two groups are identified as Type! and Type II, respectively. The model 
types are described below as are user needs, which understandably differ 
betw~en medel types. 

Type I models are probabilistic in nature. The spill is hypothetical, 
and the dliving forces which determine its trajectory are derived from sto­
chastic summari=ations. These models are used primarily to support environ­
mental assessments of proposed actions which are suuject to the National 
Environmental Policy Act of 1969. Principal users include B1M (for proposed 
OCS lease sales), USGS (for proposed OCS development plans), NCAA (in support 
of assessments made by DOZ, DOT, etc.), and USCG (in oil spill contingency 
planning). These models make use of a climatological representation of the 
ocean currents and an added drift induced by local wind. Ocean currents 
are represented deterministically, ~hile wind drift components, for which far 
greater amounts of usable data are available, are treated st0chastically. 
Tidal motions have been incorporated in nearshore and embayment areas where 
they may be deemed to contribute to advect"'" transport. 

The spatial resolution of these models, expressed in terms of trajectory 
impact locations, need be no better than the estimated areal exter.t of the 
simulated spill (on the order of lOs of kilometers). Type I models obviously 
can treat only the Jarge spills, e.g., greater than 1,000 barrels. Estimation 
of the ar~al extent of a hypothetical spill involves considerable uncertainty, 
given the broad range of observed spill sizes (spanning four orders of cagni­
tude) and our lack of understanding of spill dispersion and spreading. All 
of the Type I models treat ad,,;ection only on the surface. This is done be­
cause of a lack of ini~rmation co~cerning subsurface behavior and transport, 
and not because of a preJct~~ination of lesser importance. Some Type I 
models incorporate potential impact targets such as spawning areas, fish 
migration routes, and areas of commercial fishing. All of the Type I models 
contain representations of shorelines as potential targets. Few of the Type 
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I models explicitly include oil weathering algorithms, and a very liaited 
number atte.pt to quantify impacts as opposed to phY8ical contact. Type I 
models can be used to compute spill trajectories for real-life 8~ills provided 
their use is intended to project in time and space beyond present liaitations 
i~~osed by local weather forecasts. 

Locally induced wind drifts are generally treated by the wind factor 
approach. There are differences of opinion on the percentage of wind speed 
to be used (1 to 6 percent) and on the deflection angle (0· to +20·). Most 
of the Type I models use jrift speed~ near 3 percent of the wind speed and 
deflection anglee of either 0° or +15°. Given the uncertaintied in spill 
size, the unmodeled consequences of oil weathering, and our inability to 
portray subsurface behavior and transport, these variations in drift per­
centage and deflection are acceptable. It can be shown, for exa~le, that 
variations in percentage wind drift up to at least 1 percent are negated by 
uncertainties in spill size alone. Variations in deflection angle result in 
potentially gre~ter variations in impact locationG; they are, however, offset 
in large measure by uncertainties tn the climatological portrayals of ocean 
circulation employed. Ongoing research on the matter of surface drift is 
very important, net so much to clarify the wind factor paramet~rs, but rather 
to enhance our understanding of the physics of surface drift so we may model 
the dispersion and spreading of 011 at sea. This aspect of oil spill model­
ing is critical to the assessment of t~e consequences of oil spills. 

Type II models are deterministic in that the spill has occurred, or is 
expected to occur, 1.n real time, and thus the driving forces acting on the 
spill are determined from real-time or forecastable parameters. Principal 
users are the USCG (for containment and cl~onup purposes) and NOAA (generally 
in scientific support of the on-scene coordinator). 

TY~2 II models can be used in a larger number of geographic areas than 
Type I models. The Type II models are more effectively applied to nearshore, 
embayment, and harb0r areas. Type II models provide more than trajectory 
information to the extent that containment measures require accounting of 
parameters such as wave height, current velocities, and maximum wind speeds. 
Discussions during the workshop nevertheless focused on trajectory matters 
alone. 

There is a greater need for more accurate representation of the wind 
factor in Type II models than in Type I models. The success of Type II models 
depends on forecast wind speeds and directions. From a practitioner's view, 
the advantages of working with Type II models include the high quality of 
output data concerning the spill in question. Disadvantages include the 
limited response time ( a few hours) an~ the real-time, potentially adverse, 
consequences of model inaccuracies. In conclusion, there i.S need for research 
into the dispersion, spreading, and subsurface transport of oil spills. Dis­
persion and spreading are critical to determination of areal extent and final 
consequences of an oil spill. There 1s also a need for substantial research 
into oil weathering processes (e.g., water column accommodation, dissolution, 
evaporation, and emulsification). 

A listing of available models (a model library) was also deemed desirable 
by the panel membera. It was agreed that such a listing of models must 
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contain discussion of input data req~irements, methoda of computation, and 
.adel outputs. Assumptions used in both models (explicit and implicit) should 
be ite.tzed to the extent practicabl@. A continuation of data exchange was 
endorsed. Finally, it was agreed that more effort be made to document in­
stances of model validation which have used data from actual spills. 
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111. ABSTRACTS OF INVITED PAPERS 

The following is a collection of abstracts of 
invited papers. Hore information about indi­
vidual talks can be obtained from the author. 

David E. Amstutz 
001 (BLM) 

The Outer Continental Shelf (OCS) Lands Act, 8S amended, requires the 
Secretary of the Interio. to make publicly ownea oil and gas resources 
available to help meet the Nation's energy needs. Within the Department of 
the Interior (DOL), the Bureau of Land Management (BLM) carr1es out the 
leasing process; the U.S. Geological Survey (USGS) esti~tes volumes of oil 
and gas which may be produced from tre offshore lands and supervises leases 
once they have baen sold. Since OCS leasing involves actions which can impact 
the environment, the leasing process is subject to the National Enviro~m~ntal 
Policy Act of 1969 (NEPA). NEPA in turn requires that BLK produce environmental 
impact statements before each of the scheduled lease sales. The current Admin­
istration has, in addition, committ~d itself to prepare environme~tal impact 
staterent~ addressing offshore and lease devel~pment. These latter statements 
are to be prepared by USGS and will be written ~fter the leases ia a particular 
area have been dold and explored but before production of oil anc gas. Leasing, 
exploration, and development are three steps between the decision to dispose 
of the public reSOUlce and the actual production and transporta~ion of oil 
and gas from the lease areas. 

These ass(:ssments of environmental impact treat the natl._al environmen~ 
as well as socioeconomic considerations. Topics include: the impact of oil 
spills on marine life and shorelines, the impacts of drilling fluids and cut­
tings on benthic communities, space-use conflicts between offshore structures 
and fishing grounds, on~hore employment and land use, and degradation of air 
quality. 

Lease sale environmental assessments prepared by BLM are supported 1n 
part by a studies program which has been operative for the past 5 years. BLH 
environmental studies and im~act 3ssessments are intended for lease sale de­
cisio~making and for developing mitigating measures such as lease stipula­
tions, regulations, and, in some cases, monitoring. 

nil spill risk analysis modeling is performed within the Department of 
the Interior jointly by BLM and USGS. Input data are provided by BLM, the 
modeling work itself is performed and formally reported by USGS, and the 
model resu'.ts are used in impact assessment by BLM. The analysis is performed 
to enable consideration of lease tract deletion and transportation alt~rnatives. 
The modeling work is undertaken from a cumulative perspective and includes 
spill simulations from existing transportation routes and, where applicable, 
from assisting Federal leases. 
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011 .pill ri.k analy." i. a probabl1ietic proble. in all ita aapecta. 
The analy.ia treat. eventa which .. y or .. y not occur over the next two to 
three decadea (the expected production life of off.hore leaaea). 

Three 8oa1a within 8LK are to: provide adequate environaental input 
data to the exi'tina USGS .odel, .pon.or reeearch which will yield practical 
laprov.aentl to exiltins .adela, and aponaor reaearch which enable. aore 
thorouah a.aes ... nts of the consequencea of physical contacts which oil spill 
aod~la project. Pu~euit of these 80als has yielded conliderable infor.ation 
which il incidentally of value to those enaaged In the study of real-t!~ 
spilla. 

Proble. related to data ste. fro.: the lack of exist1na knowledge of 
~rica's Coal tal relions, the i~~ssibility of phasina all relevant environ­
aental studies with the lease sale schedules, and the great difficulty in 
devieina ways to better a.sels the lapacts of oil spills. So .. less obvious 
proble .. encountered durina conlideration of oil spill .adelina are noteworthy. 
For exaaple, one can siaulate tanker spills to occur along tanker routes, but 
these si.ulations do not account for grounding and breakup of vessela off 
couree (ArtO Merchant). The consequences of an oil spill are very .uch a 
funcl:ion 0 how that spill occurs, fo'[ example, a plat fora blowout into the 
atao'sphere (Ekofisk) or into the water (. ")11.l1li1 (Ixtoc), a grounded tanker 
bre~kup near shore (Aaoco Cadiz), or an offshore pipeline rupture. The be­
h~~ior of spilled oi~a~ function of its physical and che.ical proper­
tie.. These properties of oil can vary as much or more with well depth 
.a they do horizontally. At the preleasins stage in unexplored regions there 
is generally little or no knowledge of oil properties available. 

The occurrence of oil spills, their behavior, fate, and effects are 
highly publicized and e.otionalized in this country. Although damage has 
occurred from so .. accidental spills (which we are addressing here) and prob­
ably wll1 occur f.n the future, we 1a1st not lose sight of the fact that 011 
is introduced to the marine environaent through a variety of deliberate, 
aCCidental, and natural means. Deliberate discharges (direct and indirect) 
account for 88 percent of the nearly 2 billion gallons introduced annually to 
the world oceans; 10 percent is from natural seeps, and 2 percent. stems from 
offshore production (Boyd, et al., 1976). 

*8oyd, D. B., C. Butes, and J. R. Harrold, 1976. "A statistical picture 
regarding discharges of petroleum hydrocarbons ill and around U.S. waters." 
In Sources and Sinks of Hydrocarbons in the Aquatic Environment, AIBS, 
Washinaton, D.C., pp. 37-51. 
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Transport Modeling ~ the Alaskan oes 

Roy Overstreet 
DOC (NOAA/OMPA) 

- c; ,. ¥ 1'0 5 .. ~ 

NOAA IS «>tIter Continental Shelf Environmental Assessment Program (OCSEAP), 
under Burea~ of Land Management (BtH) sponsorship, is supporting the develop­
.ent and application of spilled oil transport models, the results of which are 
used by BtH in assessing impacts of oil and gas development on the Alaskan 
continental shelf. The area of concern extends from the eastern Gulf of 
Alaska to the Canadian Arctic border. Models currently in use are of three 
general types: (l) a diagnostic 1!'0del applicable to open coastal regions in 
which the basic f}ow is governed p:lmarily by geostrophic and Ekman dynamics; 
(2) wind-driven, hydrodynamic models for use in shallow coastal seas, embayments, 
and estuaries; and (3) a model of sea ice motion in the Arctic, where 1lI.oving 
ice may determine pollutant trajectories for much of the year. Data input 
need& for these models are met by accompanying oceanographic and meteorological 
field observations. A major data requirement is an improved description ot 
coastal winds, which in many Alaska areas differ radically from those either 
measured at lRnd stations or inferred from synoptic weather maps. Information 
from coastal wind studies is used in determining both the basic flow and likely 
oil trajectories, accounting for possi~le differences in oil slick/surface 
water motions. The presence of winter ice cover in some regions has r~quired 
modeling the motion of ice itself and the development of the capability to 
model the current·during conditions·of complete or partial ice cover. The latter 
is relatively new and is at present beiLg applied to winter simulations in 
the northern Bering Sea. For pollutant transport predictions in nearshore 
regions, where flow dynamics are not well understood, the development of 
empirical circulation models should receive greater attention. 

National Marine Fisheries Service Oil Spill Modeling Needs 

Elaine Chan 
DOC (NOAA/NMFS) 

The National Marine Fisheries Service (NMFS) is responsible for the 
management and protection of living marine resource~. An important NMFS 
function, the assessment of oil spill impacts, calls for a rapid response 
capability to predict accurately or assess where, when, and to what extent 
natural resources will be or have been affected. To accomplish such assess­
ments we often rely on the field or laboratory data superimposed on, 
and in conjunction with, the output of oil spill models. 

This discussion of NMFS user needs addresses the two major areas of 
technical needs and progeam needs. Our technical needs call for ~~ta from 
the entire field of model output with an emphasis on the verified conceptual 
models including, but not limited to, the following information: 
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1. Horizontal and vertical di.tribution and concentration of various 
p-troleu. fraction. over tiae. 

2. Probability of i~act by geographic area or re80urce type. 

3A lehav~or of oil in water (di8.0Iution, evaporation, eaulsification 
.tx1ng, depo.ition, and relation8hip to sU8pended or bottoa 8edi.ent). 

4. Weathering of oil (biodegradation, photocheaical oxidation). 

'!'he distribution and behavior of oil in surface water, near the lM".lthic 
interface. and in the intertidal zone i8 especially significant for biological 
a •• e .... nt effort •• 

Our progra. need. are dictated by the neces8ity to re8pond quickly with 
coaplete, defen.ible a8se •• aent •• 

Por u.er convenience and acce8S, NKFS recommend8 the establishaent ~f a 
central data ba.e to serve as a library for all modeling data from fragmented 
sources. A direct co..unication link between users and modelers should be 
let up to perait modelers to incorporate dat~ from users in model verification 
and to better fulfill user needs. 

~.!. Coast Guard Oceanographic Unit 
Oil Trajectory Modeling System 

Dale L. Thompson 
DOT (USCG Oceanographic Thlit) 

The Oceanographic Unit has been involved in real-'cime modeling rou­
tinely since late 1977. It is a support effort to as~ist the various Coast 
Guard commands n&ving responsibilities for pollutant containment ana cleanup. 
Their primary need for a quick response drives our forecasting system. 
More accurate, but slower, impact assessment-type forecasts would be unac­
ceptable. 

Our experience 8uggests that each model must be developed in light of 
the system within which it is to be used. To illustrate this, I submit the 
following figure, the vaIue of which lies in its ability to demonstrate what 
I call the "Compromise Triangle": 

~LING EASE 

FLEXIBILITY ~OPHISTICATION 
This figure stows the dilemma of designing the ideal model versus what 

we settle for in a real-life situation. The term "flexibility" implies that 
the model can be u8ed in any environment, at any location, and with any oil. 
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"Sophi.tication" denotes a higher order sQlution to the drift proble~-Ekaan 
drift, spreading, evaporation, Langmuir cell ter.s, vertical diffuSion, etc. 
Also we 8Ust consider both the quality and quantity of inputs. By "handling 
ease" I combine beth the ease of implementation by the forecaster and an 
output format which can be readily transmitted to, and understood by, the 
u.er. Finally, let me add another part to the concept. The data processing 
facilities available set the level upon which the compromise triangle must 
then be worked out for each particular sy8~em and needs. 

The two models most frequently used by us are vector addition schemes, 
printing out a drift position after summinp. vectors. They are as presented 
in May at the Princeton OU Spill Conferenc~ by Don Murphy in the paper we 
coauthored. One .ode 1 adds sea current, tides, and leeway (th~ infamous 3.5 
percent); the other ~del uses sea current, tides, a wind current, and a 
sia1lar leeway fa~tor. The resultant drift positions are put on a nautical 
chart, spreading superimposed, and the chart telecopied to the user. 
Accompanying it is an explanatory page. 

In certain areas we have highly localized models. One, developed by 
CaptaiD Kollmeyer and Cadet Thompson, does a reliable forecasting job in New 
York Harbor. Its handling ease is high. but its flexibility limited (its 
southern boundary being the VerrLzano Narrows Bridge). 

This compromipr triangle illustrates the reasons for the forecast~ng 
system the Oceanographic Unit has developed. It leans first to flexibility, 
then to handling ease, by necessity. This gives our model system a low 
turnaround time, but also associated lower modeling precision. Fortuitously, 
our users' needs are satisfied with first-order drift physics solutions. We 
believe we have reached an acceptable compromise for the Coast Guard. Should 
the intensity of spills increase, greater resources in manpower and computers 
will be allotted. That ~ill raise the triangle's level, and the compromise 
proces3 will reoccur. The model must be constructed to fit the system within 
which it exists and the associated demands on that system. 

Applications of the USGS Oil Spill Trajectory Analysis (OSTA) 
Model to Decisions Regarding OCS Oil Development 

Kenneth J. Lanfear 
Dor (USGS) 

The U.S. Geological Survey Oil Spill Trajectory Analysis (OSTA) model is 
designed to predict the likelihood that oil production on the outer continen­
tal shelf will result in oil spills occurring and contacting environmental 
resources. Although they are a major element of the model, oil spill trajec­
tory simulations are only an intermediate result of a larger effort. Decis­
ions concerning leasing alternatives can be very complex, because they often 
involve multiple objectives, such as protection of estuaries, sandy beaches, 
and fishing groundS, as well as achtev1ng certain levels of energy resource 
pro~uction. The OSTA Model has been recently modified to produce a number of 

13 



,"'::-':"·=:'="'~(:!j';:'::·~=fr=,alolriiilZIilFOiii"·· __ =;;:~·:.-_;:::::··,:;,;;";::r=!t;:::m:::c.am ____________________ ..,.IJIIIIIIIII""'. 

tables and figures designed to facilitate decisionmaking; these include 
histograa. which compare probabilities 0f oil spill impacts fo~ several 
production and transportation alternatives, and special maps which indicate 
seg~~nts of the coastline likely to be affected by oilspills. Methods have 
been developed for using the results of the OSTA model for choosing optimum 
leasing strategies to achieve goals of protecting environmental resources 
while maximizing 011 production. 

Development of Forecast Methods to Predict Oil 
Spill Fates and Trajectories in the Ocean 

Celso S. Barrientos 
Kurt W. Hess 

DOC (NOAA/NWS) 

Forecast methods to predict the fate and trajectory of oil spills in the 
ocean are being developed in the Techniques Development Laboratory (TDL) of 
the National Weather Service (NWS). An operational model for oil spill 
movement forecast is being implemented in NWS. The model will be available 
for routine use in the event of oil spills and for assessment studies of 
probable impacts of oil spills. 

Fates and movements of ocea~ oil spills depend on the oceanic and 
meteorological conditions during the spill. These environmental factors 
include atmospheric st&bility, atmospheric pressure fields, wind speed and 
direction, air and water temperatu~e distribution, ocean currents, waves, and 
air and w.ter turbulence. Methods for specification or prediction of these 
variables are being developed. The development of the f~recast methods iy 
being done under cont~acts by various universities and within TDL. Forecast 
techniques for the different parameters are integrated into a forecast model 
in NW5. 

The National Weather Service Modeling Program 

Kurt W. Hess 
DOC (NOAA/NWS) 

The National Weather Service (NWS) continues its development program for 
siagle-event oil spill behavior modeling. As a temporary meAsure a simplified 
"drift" model was designed for quick access and usage. Particles representing 
oil are lriven by a boundary-layer ~ind model based ou NWS surface predictions. 
The resulting streaklines are plotted for each forecast period. The program is 
available via a portable computer terminal. The more advan~ed two-dimensional 
oil model is rapidly approaching operational ststus. Water ~u~r~nts are 
produced by a dynamic model of the continental shelf region. ;athymetry is 
retrieved automatically from a data base. Surface currents are computed and 
combined with winds to drive the 011 sUck mo~.e1. This moC;el will also be 
accessible by computer terminal. 
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Response to !!!!. Campech~ 2!! Spill 

John Robinson 
DOC (NOAA/OMPA) 

In1.tial a1sessments of the United States coastal impact from the IXTOC 
well blowout in early June 1979 were publicly minimized by United States 
and Mexican officials, becaus~ of possible early capping, ongoing contaminant 
operations, and possible use of dispersants. Also, previous open ocean spills 
had not tr8veled farther than about 200 miles at sea, whereas the distance 
from the "'~H to the Texas coast was 500 to 600 miles. Durirg early July, 
satellite photographs indicated that oil had actually been advected hundreds 
of miles fron the well site, thereby invalidating the initial minimu" United 
States impact assessments. 

These data, combined with oil spill trajectory estimates, mad~ it clear 
that there would be an impact along the Texas cout in early August. Althongh 
there was a possibility of a large-scale environmental aisaster, authoritie~ 
had at least a month to prepare for the impact. This area has a wealth of 
001 (BLM) and EPA baseline data c,ollected for OCS purposes. Thus the gl~ound­
work has been accomplished to allow the assessment of the environmental damage 
due to a large oil spill. 

Actua: beach impact occurred along the southwest Texas coast on ahout 
August 5. Initial beacit impact was reduced after storms cleared the beaches 
of oiled sand. It has been estimated that the oil has moved 200 to 300 ya·ds 
offshore. 

Climatological ~ Trajectory Modeling 
for Long-Term Predictions and Contingency !-!anning 

Joseph M. Bishop 
DOC (NOAA/EDIS) 

Over the past 4 years, the Environmental Data and Information Service 
(EDIS) of NOAA has developed a multiple tr.ajectory oil spill model. The 
model is based on the archived wind and current data available within EDIS's 
National Climatic Center (NCC) and National Oceanographic Data Center (NODC). 
The model was originally designed for assessment of possible environmental 
impact due to construction of a deepwater port off the Texas coast, but has 
been used effectively in the Argo Merchant and Camper-he oil spills for a 
rapid estimate of impact areas. The successful use of this model for cli­
matological assessmants of large 0cean spills leads to the conclusion that 
this type of climatological forecasting technique should be a part of our 
overall response to major oU spills. 

Although the utility of this approach has been shown in these two examr 
pIes of large open-ocean oil spills, a better application of this climLto­
log:' cal (Type I) model is in contin--:ency planning (prespill resource alloca­
tion'. In this mode, one can map most probable impact zones over known 
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local re80urces (biological or ecocomic). Such a use has been initiated in 
a recent EDIS publication produced for U8e by the 3d Coast Guard District 
contingency planners, couples key environmental data (both physical and 
biological) with climatological oil spill trajectory forecasts •• 

*Bishop, J. M., 1980. "A Climatological 011 Spill Planning Guide, Nc.. 1, 
The New York Bight." National Oceanic and Atm08phe~1c Administration, Washington, 
D.C., 126p. 

R. l. Pickett 
DOC (NOAA/GLERl) 

This paper describes an operational forecast model for the movement of 
surface-pollutant spills on the Great Lakes, with special emphasis on oil 
spills. Oil spills are of particular concern, because of their environmental 
impact and the substantial quantities of oil trunsported on the Great Lakes, 
both as cargo and as ~uel. The Great Lakes Environmental Research Laboratory 
(GlERl) undertook this modeling effort, because a number of models 
were being developed for oceanic spills, but none were being developed for those 
on the Great Lakes. The resulting model, SPIlSIM, is ~ batch-oriented model 
derived from oil spill models from the Canada Center for Inland Waters (CCIW) 
and NOAA's Pacific Marine Environmelltal Research laboratory (PMEl). It 
predicts the movement of an insoluble surface spill anywhere within the Great 
Lakes, given spill si7-e and lo~ation and surface currents and winds in the 
area of interest. Modifications to make the model interactive are straight­
forward. Implementation is on the NOAA/ERl CDC 6600 computer, but the program 
structure is such that implementation on another computer system is quite 
feasible. The computer language is FORTRAN. A card copy of the program and 
a report (A Surface Spill Model for the Great Lakes, by J. D. Boyd) that 
details the model are available from F. Rodante, Head, Computer Systems Group, 
GlERl, 2300 Washtenaw Avenue, Ann Arbor, MI 48104. 

Modeling Theory: A Perspective of Approach 

Thomas H. Probert 
DOC (NUAA/EDIS) 

We present a model-theoreti~ framework encompassing ~he diversity of 
approach to oil spill modeling. We discuss the implications of modeling in 
the context of oil spill model equivalence. In addition, we present the con­
cept of the "experimental frame of reference." The rigorous definitions of 
"base modt'l," "homomorphic simplification," "validation and verification," and 
"mode: realization" allow a unified and une.mbiguous compartson of existing 
mod~ls. We develop a hierarchy of validity relations useful for the develop­
ment of perspective in any area of mo~eling effort. 
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On-Scene Trajectory Modeling for the !!..! •. Response 
to the IXTOC i Blowout 

J. A. Galt and 1.11': ~y M. Torgimson 
DOC (~,-,rlA/OMPA) 

During the spill event associated with the rxroc 1 well blowout, the 
U.S. National Conti~ency Plan was activated. In anticipation of this, the 
NOAA Hazardous Materials ReRponse Project requested the Hazardous Mate~ials 
~cientific Support Team (for physic~1 processes) to supply trajectory infor­
mation through the scientif1c support c~ordinator. This was done, beginning 
June 12, 1979. During the S1UDmer, this pl~~ required a variety of activities, 
including: 1) collecting available backgroun~ information, 2) carrying out 
observational field programs, 3) coordinating da~a and information presented 
by other researchers (Federal, State, and private), and ~) analyzing trajec­
tories. 

During the spill, trajectory models were used in basically three different 
forms. The first was in a long-term statistically controllerl for~ (strategic) 
for planning callup and retirement of scientific 0"(' cleanup .. litS. The second 
was a short-term localized forecast (tactical) for input int day-to-day 
response planning. The third was in a receptor mode that identified danger 
zones that could imrAct spEcific, high-valued regions. This in turn was used 
to develop optimal mapping strategies for overflt~~t~. 

The basic model for IXTOC 1 studies WI\" a n'!w ver:.lior. of CSSM (On-Scene­
Spill-Model) incorporating a number of ad' ar.ce~ tt!at li"e3. In addition, 
several auxiliary programs to analyze cireula ':lon d,~'tll Wt're also used for the 
first timp. in a real spill situation. B0Lr h1lidcast& and forecasts from the 
models have provided useful input to the overall response !Jr(lgram. 

Long Island Oil Spil!. ~-('~Lt:. Prediction Model 

Captain Ronal,~ t:. Kollmeyer 
DOT (USCG At- ~.~~my) 

Because of the sensitive nature ,)~ tile l..o~g Islan.d &!"ea ~n.J the complex 
nature of the surface curre~ts in t~~ Sound. tl~ ~~-Scene Coor'linator (OSe) 
must be able to predict 011 '1pill t!ajeC t 'jr1 Ls llccurat<:lly il~. I1rder to deploy 
cle~nup equipment and to protect sen.:-. ':!.Ye arefl h Pr es(>nt \;il spill movement 
predIction models are inadequate for t'.is J' eed and ai.'€' n": readily accessible 
to the osee 

The goal of the project is the production of a real-time prediction 
model that will forecast the movement and spread of an oil spill in Long 
Island Sound. Upon command, the model will, for a given period, produce a 
tIme series of charts displaying the location, shape, and concentrat~ons of 
the 011 spill. 
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t'he model will be COMl l"llcted on the computer facilities provided 
ty the De~artment of Cornpute~ Science, U.S. Coast Guard Acrdemy. Captain 
R. c. Kollmeyer will be the o'II'~;:all project coordinator. A close 11aison 
will be maintained among al f 1n.tf!~ested and contributing units. At present, 
the following Coast Guard "r (U ~J:e involved: 

1. Coast Guard Academy, 

2. Commander, CG Croup, Long Islard Stund, 

3. USCG l1Z •• 1!l"(;h rAnd Dev~lopment Center, and 

4. U~CG Cceanograpl,ic Unit. 

The oil drift mechanisms to be modeled will in~lude the following: 

1. predicted tidal currents, 

2. Stokes drift, considering both duration and fet~h limitations, 

3. leeway of oil slick cau8~d by the wind, and 

4. wind drift currents of the surface layer. 

! Ii Utili! $ lSi? 

A relatively sophi~tlcated ~omputer graphics output is desired in the 
form of segment maps showing the spill, its location, areal size, and con­
centration gradients. These maps would be produced on a time basis, showing 
the oil spill's pred~cted location every 15 minutes from the time of the spill. 

The preparation of the tidal current data set will include the use of 
overlays for the NOS tidal current charts to allow their transfe~ to the 
model matrix. A Bcaiing program (inverted smoothing) will then determine the 
currents for all other points on the matrix for each of the 13 current charts 
available. Currents along the shore boundaries will be made zero unless 
other information is available. 

A planned program of verification rnd testing will be developed as part 
of the model completion. Procedures will b~ proposed by which small oil 
spills in Long Island Sdund may be monitored and used in a hindcast 
mode. In addition, a testing progam will be drafted that would use oil 
drift simulators which can be tracked and compa!ed with model pref.c.ions. 

Donald L. Murphy 
DOT (USCG RD Center) 

The severe Arc~i~ environment, along with the remoteness of the region, 
poses unique problems for oil spill response efforts. Because of l~e, avail­
able trajecto=y models will be inadequate to predict the fate of Arctic oil 
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spills tn many cases. Moreover, oceanographic data for input to drift models 
are inadequate, even for the relatively simple case of an open water spill. 

The Coast Guard Research a~d Development Center is working on methods to 
predict the areal extent and sublequent movement of oi\ spilla in ice-infelted 
region.. Ilnder scrutiny at present il the move.ent of p~tential apilla along 
the North S~ope of Alalka, with the possibility of the movement of oil from 
a major apll.' in the Car..g,lian Beaufort Sea toward the United Statea. 

Three main relearch efforts are now under~ay. 

1. Laboratory studies to determine small-acale oil/ice interactions and 
oil weathering for a broad range of oil tyPp.s; 

2. Nearshore ·ice dyn8.lIlica, particularly during summer breakup; and 

3. Drift studies in the southern Beaufort Sea. 

Perturbation Analysis of the New York Bight 

Arthur G. ~ingle 

Brookhaven N8t1o~~1 Laboratory 

The physical transport of pollutants, their modification by the cr' tal 
food web, and transfer to man are problems o~ increasing complexity on the con­
tinental shelf. In an attempt to separate cause and effect, a computer modeling 
technique is applied to problems involving the transport of pollutents as one 
tool in assessment of real or potential coastal pert~rbations. Approaches for 
further model development of the biological response within the coas~al marine 
ecosysten are discussed. Our present perturbation analyses consist of 1) a 
circulation submodel, 2) a simulated trajectory of 4 pollutant particle withtn 
the flow field, and 3) a lime-dependent wind input for each case of the model. 
The circulati~n model is a depth-integrated, free surface }rmulation that 
responds to wind stress, bottom friction, the geostropt. ~ c pressure gradient, 
the corioUs force, and the bottom topogrlophy. The trant>1;h. -~ diffusion model 
is based on Lagrangian mass points, or "pacticles" moving throu'!!.!';, ~ Eulerian 
grid. The trajectories of material moving on the surface and 1.n the water 
column are computed. It has the advantage that the history of each particle 
is known. With theee models, we hav~ been able successfully t~: 1) reproduce 
drift car~ data for determining the probabilities of a winter oil spill beach­
ing within the New York Bight, 2) analyze the source of floatables encountered 
on the south shore of 1on3 Island in June 1976, and 3) predict tile trajectory 
of oil spilled in the Hudson River after it had entered the New York Bight 
Apex. For future analyses, the shallow water model can be modified or replaced 
with a numerical model that contains a more sophisticated parameteri~.ation 
of the physical circulation. Also, the particle-in-cell mode] can be modified 
to explicitly include chemical reactions and interactions with the biota. A 
model should be used in the context of the level of resolution or aggregation 
that is known about the ecosystem and the management decision to be made. 
Models are used also as an aid in selecting situations that merit further 
analysis with more comprehensive ecological reasoning. 
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The USGS 011 ~il1 Trajectory Analysis Model 

william B. Samuels 
001 (USGS) 

The USGS oil spill trajectory analysis model (OSTA) is used to calculate 
t.he probability of oil s~il13 occurring and contacting environmental resources 
and sections of the coastline. A grid system is superimposed on the study 
area with a maximum of 480 units on a side. The dimension of the grid cell 
is variable depending on the size of the study area. Locations of envlt'onmental 
resources, proposed and existing lease tracts, an:! 011 tran!Jportation rO:ltes 
(pipeline and tank~r) are determined by their positions in the model's grl~ 
system. Data from different map projections can be digitized and fitted into 
the model's grid system by coordinate conversion aubroutinf~s. i\ maximum of 
31 categories of resources and up to 100 segments (2 different sets) of the 
coas~line can be included in the analysis. 

Oil spills are si"",'lated in a Monte Carlo fashion. '':-ypicJ'llly, 500 simu­
lated oil spills are launched per season from each laucch point (platform 
location, pipeline, or tanker route). Spills are transported by monthly 
currents and by winds sampled from wind transition matriC'.E:S. These matrices, 
composed of 41 wind v~locity state$, are based on historic ~ind records. 
They are constructed for each s~ason for up to six wind stations. Surface 
ocean currents are incorporated in a deterministic manner by representing 
monthly current fields in the model's grid system. The spill movement 
algorithm consists of computing the vector sum of a wino and current vector 
for successive 3-hour increments. Each grid cell in the path of the spill 
is checked for the presence or absence of each environmental resource. Spill 
movement ends in one of three ways: I} the spill contacts land, 2} the 
R)1l1 decays at sea, or 3} the spill mnves off the map. 

Conditional prohabilities of contact are reported fOT 3-, 10-, and 30-
day travel times. Oi1 spill occurrence is treated as a Poisson process, in 
which the exposure variable is the volume of oil produced or transported. 
Scenarios outlining proposed oil producti.on and transportation are constructed 
f'lr various alternatives. The overall risks are determined by combining 
spill occurrence probabilities for each of the potential oil spill launch 
points with the conditional probabilities. Recent applications of the model 
have been: Sale 55 (Northern Gulf of Alaska), Sale 53 (Northern and Central 
Cali ornia), and Sale 6.6 (Kodiak Island). 

Modeling ~~ Slick Ereakup 

Richard Griffiths 
(EPA) 

The U.S. Coast Guard has developed a model that predicts oil slick 
spreading, evaporation, and breakup into droplets. The spreading submodel 
uses the Fay-Roult expressions for three regiues of spreading. The evaporation 
8ubmodel characterizes the oil as several componente with different boiling 
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points and vapor pressures, and each ,:,,"wuponent is "evaporated" independently. 
The droplet formation submodel p~edicts the maximum and minimum droplet sizes 
as functions of sea state, and a si~e distribution between the two that 
decreasea monotoltically with incre&sing droplet size i8 discussed. The three 
sub~dels interact to predl~t the gradual weathering and dispersion of an oil 
slick. This nresent-ation con~entrates on the 011 droplet formatton model, 
the assumptions and approximations used, their impll~ation8, and research 
needR to improve the model. It is shown that the formulations for ma~imum 
and minimum droplet sizes depend on the analytical formulations used to char­
acteriZe the waves (Pierson-Moskowitz, in this case), and that insufficient 
data exist to verify anyone of the several assumptions that can be made 
about the size distribution. 

Oceanographic Research of Air/Sea Interaction Processes 

Norden E. Huang 
NASA (Wallops Flight Ce·.iter) 

'1'0 understand the dynamics of the movement of oil slicks at sea one must 
begin with a basic understanding of various air/sea interaction processes. 
Recent basic oceanogr&phic research at NASA wallops Flight Center has, among 
other topics, been involved with: 

1. the relationship between mean wind v~locity, windstress, and ocean 
wave develupn..::.t; 

2. the surface elevation probability distribution and statistics of 
wind-generated waves; and 

3. the variation of the equilibrium range coefficient for a wind­
generated gravity wave field. 

Differential Oil Velocity--Fact or Ficti(~? 

Peter L. Grose 
DOC (NOAA/EDIS) 

The differential oil velocity is the speed that a floating oil lens 
t~avels faster than the surrounding surface waters. This paper presents the 
rationale for such a velocity to exist, observational evidence for its 
magnitude, and its implications on modeling the weathering and fate of the oil. 

A theoretical model, developed by J. Milgram at MIT in 1977, explaining 
the mechanism for the generation of a differential velocity for oil lenses is 
discussed. This theory relates the differential vorticity through the oil 
and through water. Thus, one should expect oil lenses to move faster than 
the Stokes drift velocity directly downwind (actually, in the same direction 
as the mean propagation of vorticity of waves). 
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Limited observations at sea using dye source ~rkers al a surface 
reference indicate that the oil lenses ~ove at about 1.1 percent of the local 
wind speed in overtaking the dye sources. E~ongation of the tails of dye 
eaitted from the sources is a rough measure of t.he local Stokes drift velocity. 
Sinultaneous dye tail elongation measurements Indicate that this Stokes drift 
velocity is also about 1.1 percent of the wind speed. Both sp~eds are directly 
down wave. 

In terms of trajectory forecasting, dIfferential velocity may not be 
important, as the presence of oil may decrease the surface currents enough to 
compensate for the additional speed of the eiJ. Therefore, ~ value of 3.5 to 
4.5 percent of wind speed (the same as for water without oil) is probably a 
realistic speed for oil related to wind. In any case, the error thus induced 
is probably leLs than the uncertainties of the ~nvironmental conditions used 
in the forecast. 

However, the existence of a differential v~locity will have a marked 
influence on tne rates of weathering &nd fate of the surface oil. Drag forces 
on the oil lens proportional to the differential velocity will compress the 
lens, increasing its thickness and decreasing the surface area over which 
evaporation and photooxidation take place. At the same time, the added shear 
directly under the oil lens will increase the exchange rates for oil accommo­
dation into the water column as well as continually supplying nutrients for 
biodegradation. Thus, if a differential velo~i~y does exist it has profound 
implications on how oil weathers and where it ends up. Additional field 
measurements are required to strEngthen the case of the differential velocity. 
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